Abstract
INTRODUCTION
The prevalence of esophageal varices in an asympto matic compensated patient is around 40% [1] . While the incidence of variceal development is roughly 6% per year, it doubles if hepatic venous pressure gradient (HVPG) rises above 10 mmHg. Thus, cirrhotics with HVPG of > 10 mmHg represent higher risk group. HVPG > 10 mmHg also correlates with higher risk of decompensation and hepatocellular carcinoma (HCC) [2, 3] . The result of a number of metaanalysis has shown that, prognosis of cirrhotic patients improve with significant decrease in portal pressure, i.e., when target decrease in HVPG (> 20% from baseline or to < 12 mmHg) is achieved [4, 5] .
In practice, cirrhotic patients complicated with varices should be treated except for ChildPugh (CP) class A patients with small varices without red color signs [6] . The role of nonselective beta blockers (NSBBs) and endoscopic variceal ligation (EVL) in the prevention of first variceal bleeding is conflicting. Analysis of a recent metaanalysis did not show any differences on mortality or bleeding rates between the two groups in trials with adequate bias control [7] . In contrast, another meta analysis showed that compared with BBs, EVL reduced the risk of a first variceal bleed, although, there was no significant difference in survival [8] . Hence, the author concluded that EVL should be offered to patients with moderate to large oesphageal varices who are unlikely to comply or intolerant or who bleed while taking BB.
Still, the mainstream in pharmacological treatment of portal HTN (PHT) is NSBB like propranolol and nodolol which help in preventing first and recurrent variceal bleed ing, gastropathy and spontaneous bacterial peritonitis (SBP) [9] . Drugs like isosorbide5 mononitrate, prazosin or statins when added to NSBBs help in reducing the hepatic vascular tone and thus may turn many nonre sponders to responders [10, 11] . Also, HVPG can be further decreased with these drugs. Recently our group has pub lished a combined study on carvedilol in which 50% of the patients showed acute response and more than 60% of patients showed chronic response (please refer to definitions for details) [12] . We also showed in a separate study that, optimization of dose of carvedilol on chronic basis is an excellent policy for portal hypertension across different CP class of liver disease [13] . Simvastatin improves liver generation of nitric oxide (NO) and hepatic endothelial dysfunction in patients with cirrhosis. Hence, it could be an effective therapy for portal hypertension. Recently, ideal drug for portal hypertension was pictured as one that should reduce portal pressure by decreasing intrahepatic vascular resistance while maintaining or enhancing hepatic blood flow [14, 15] . Other desirable action would be an antifibrotic effect and a capacity to improve liver function. The drug that would be able to increase NO bioavailability in liver would fulfill many of the requirements [1518] . However in patients with advanced cirrhosis, nonselective NO donors such as organic nitrates which enhance peripheral vasodilatation further decrease arterial pressure and activate endogenous vasoactive system. Thus, selectivity for hepatic circulation is a further requirement for vaso dilators used to treat portal hypertension [19] . Recent experimental and human data [20, 21] suggests that statins (3hydroxy3methylCOA reductase inhibitor) could decrease intra hepatic vascular resistance and improve flow mediated vasodilatation of liver vasculature in the cirrhotic liver. These effects are mediated by an up regulation of NO at the liver vasculature through an enhancement in endothelial NO synthetase activity [20] . Moreover, NO production in liver by statins is selective and could behave as true liver selective vasodilator.
Thus, the concept of our study was to assess the response of 3 rd generation beta blocker carvedilol on chronic basis (after proper optimization of dose) and then to add simvastatin along with carvedilol, optimise dose in carvedilol non responders to have a new pharmacological approach and better rescue therapy.
MATERIALS AND METHODS

Patients and methods
We prospectively evaluated one hundred and two cirrhotic patients who were referred to our institution for hemodynamic evaluation from January, 2010 to December, 2014. The study was approved by the institu tional review board (IRB) and all included patients gave informed consent for participation. Diagnostic criteria for cirrhosis was based on clinical, biochemical, radiological and if needed on liver biopsy. The criteria for esophageal varices was based on quantitative grading used by Bavino consensus, i.e., esophageal varices less than 5 mm are small varices and esophageal varices equal to or greater than 5 mm are considered large varices. Criteria used to diagnose ascites was according to international ascites club 2003, i.e., grade Ⅰ mild (ultrasound based), Grade Ⅱ moderate, i.e., (symmetrical abdominal distension) and Grade Ⅲ gross with marked abdominal distension.
The inclusion criteria of the study include evidence of esophageal varices on upper gastrointestinal (GI) endoscopy, without a previous history of hemorrhage and a baseline HVPG of greater than 12 mmHg. Exclusion criteria were age < 18 years; severe liver failure INR > 2.5, or PT < 40% of control, bilirubin > 5 mg/dL; active alcohol consumption; Ⅳ drug abuse; renal failure, i.e., creatinine > 1.5 mg/dL; HCC; contraindication to NSBB; pre or post hepatic cause of PHT; pregnancy; previous surgical shunt or TIPPS; treatment with calcium channel blockers; treatment with (3hydroxy3methylCOA reductase inhibitor) in past three months; a known hypersensitivity to simvastatin and refusal to participate in study.
Dosing Of NSBB
Baseline HVPG was measured for all included patients after 8 h of fasting. They were started on carvedilol 6.25 mg/d from the next day and dose was titrated by steps of 6.25 mg/wk. Dose of carvedilol was increased weekly until arterial systolic blood pressure (BP) was not less than < 90 mmHg and heart rate (HR) not less than < 55 bpm. Compliance with therapy was monitored by recording HR and BP during clinical visit.
Dosing of simvastatin
Carvedilol nonresponders were added simvastatin 20 mg/d for 15 d (then increased to 40 mg). Complete clinical examination and blood tests were performed at day 15, patients were interrogated specifically for muscle weakness, if no safe end point was met, dose was increased to 40 mg/d and continuing with continuation of carvedilol. Treatment was maintained for 1 mo and then repeat hemodynamic response was measured.
Definitions
Acute response to carvedilol: Acute response to carvedilol is defined as "a drop in HVPG greater than 20% and or less than 12 mmHg from baseline at 90 min after administration of a single dose (12.5 mg) of carvedilol".
Chronic response to carvedilol: Chronic response to carvedilol is defined as "a drop in HVPG greater than 20% and or less than 12 mmHg from baseline at 3 mo after proper optimization of dose of carvedilol".
Response with addition of simvastatin
After 30 d of 40 mg simvastatin addition to carvedilol in carvedilol non responders, HVPG drop of greater than 20% from baseline and or less than 12 mmHg HVPG. The study design is illustrated in Figure 1 . Dose optimization was done in all patients who were started with carvedilol. Once doses were optimized, weekly followup of each patient was done and HVPG was again measured at 3 mo of treatment. Patients were assessed for side effects; their BP and HR were measured on each followup visit. Carvedilol non responders were added with simvastatin 20 mg/d and after 15 d, all blood tests were taken for side effects of simvastatin and clinical history specifically muscle weakness was taken. With no clinical and biochemical evidence of adverse effects, patients were given 40 mg of simvastatin per day and continuing carvedilol for 1 mo, repeat hemodynamic assessment was done to see response in carvedilol non responders and thus overall response in the study group was seen.
Haemodynamic measurements
Under fluoroscopic guidance, hepatic vein catherization was performed according to the standards described by Bosch et al [22] . A 7F balloon tipped catheter was advanced to main right hepatic vein to measure wedged hepatic venous pressure gradient (WHPG). HVPG was measured as the difference between WHPG and free hepatic pressure gradient (FHPG). Swangaz catheter was advanced to pulmonary artery for measurement of cardio pulmonary pressures like pulmonary artery pressure (PAP), wedged pulmonary pressures (WPP), right arterial pressure (RAP), etc. All measurements were repeated three times and tracing were noted. Mean arterial pre ssure was measured noninvasively by automatic sphy gmomanometer. HR was derived by continuous ECG monitoring and systemic vascular resistance (SVR) as (MAP RAP/CO × 80).
Statistical analysis
The statistical methods of this study were reviewed by Dr. Khan from Noora Multispeciality Hospital, Srinagar, India. Statistical analysis was performed by using stati stical package for social sciences (SPSS) version 22.0. Descriptive statistics was presented as proportion, Mean ± standard deviation (SD) and median with inter quartile range. Comparative analysis was done by utilizing student's ttest and χ 2 test. The univariate and multivariate logistic regression was used for finding the predictors. A Pvalue less 0.05 was considered significant.
RESULTS
A total of 68 patients (66.7%) had large varices and 34 patients (33.3%) had small varices on upper GI endoscopy and 63 (61.8%) patients had no ascites while others had ascites. The baseline parameters are shown in Table 1 .
After optimization of dose and reassessment of HVPG after 3 mo, total number of chronic responders was 62. However two patients discontinued treatment because of side effects. Mean duration of dose optimization was 15 ± 3 d. Mean reduction of HVPG from baseline and after 3 mo was 5.5 ± 1.7 mmHg and 2.8 ± 1.6 mmHg among responders and nonresponders on chronic basis, respectively (P < 0.001). Mean dose of carvedilol was higher among nonresponders (19.2 ± 5.7 mg) as compared to responders (18.7 ± 5.1 mg).
Effect of simvastatin addition to carvedilol non responders with continuation of carvedilol on reduction of portal hypertension and hemodynamic parameters
After assessing the chronic response at 3 mo with carvedilol, there were 38 patients who did not respond significantly to carvedilol and were thus called as car vedilol nonresponder. In these 38 patients, simvastatin 20 mg/d was added initially for 15 d and at 15 d, side effects like muscle weakness along with biochemical parameters like CPK and ALT was seen. If CPK > 5 times and ALT > 3 times was found in any patient, they were withdrawn from the study. One patient developed CPK > 5 times with normal ALT was withdrawn from study on 15 th day. Second patient developed hepatic encephalopathy and 3 rd patient developed severe dizziness and both of these were withdrawn from study. Four patients developed minor side effects with normal CPK and ALT and were continued with treatment. Among 38 carvedilol non responders, therefore, 35 patients continued carvedilol and simvastatin for 1 mo and then a repeat hemodynamic assessment was done. There were 16 responders and 19 nonresponders at one month after adding simvastatin. Thus, overall carvedilol response in the study was 79.56% (78 patients). The pre baseline mean HVPG of carvedilol non responders was 16.429 mmHg which dropped to 13.029 mmHg, i.e., 3.4 mmHg drop (> 20%) after adding simvastatin. The post carvedilol HVPG (post chronic) in carvedilol non responders was 14.457 mmHg which dropped to 13.029 mmHg, i.e., 1.428 mmHg drop (9.87%) by adding sim vastatin. It means that, simvastatin is responsible for HVPG drop of 9.87% in isolation.
Baseline and hemodynamic parameters of patients in whom simvastatin was added are shown in the Tables  2 and 3 .
Gender, etiology, CP class, ascites and variceal size were not seen to be statistically significant between responders and nonresponders in simvastatin protocol. Among baseline hemodynamic parameters, only pre WHPG was significantly higher in responders as com pared to nonresponders (P = 0.01). HVPG was higher, though not statistically significant predictor of response. All hemodynamic parameters significantly decreased from baseline after treatment with simvastatin except FHVP which was significantly raised. All hemodynamic parameter were significantly decreased after treatment with simvastatin except FHVP which was significantly raised with respect to their values after chronic treatment with carvedilol (chronic protocol). Pre (baseline), post chronic (chronic carvedilol at 3 mo) and post simvastatin haemodynamic parameters in carvedilol non responders are shown as general linear model in Figure 2 .
DISCUSSION
The mechanism of portal hypertension primarily involves an increase in resistance to portal outflow circulation. It leads to the formation of portosystemic collateral veins, of which esophageal varices have the highest clinical impact and the most severe complications. Other manifestations of portal hypertension include portal hypertensive gas tropathy and large spontaneous shunts which refer to presence of patent paraumbilical vein, splenorenal shunt, anorectosigmoid varices [23] . Recently, it has been showed that identifying cirrhotic patients with high blood ammonia concentrations could be clinically useful, as high levels would lead to suspicion of being in presence of collaterals [24] . The first line pharmacological therapy in portal hypertension is NSBB therapy. It decreases portal pressure through a reduction in portal venous inflow as a result of a decrease in cardiac output (β1adrenergic blockade) and splanchnic blood flow (β2adrenergic blockade). However, a major drawback of NSBBs is that not all patients respond to betablockers with a reduction of the HVPG.
Clinicians and researchers have always been looking for a more powerful portal hypotensive agent than propranolol and nodolol either administered alone or com bination with nitrovasodilators. Advantages of medical therapy include safety and correction of detrimental systemic effects of portal hypertension. Our study tries to use best portal hypotensive agent, i.e., 3 rd generation beta blocker (nonselective) with mild vasodilating properties, i.e., carvedilol which has been proven to show excellent hemodynamic response on chronic basis to the tune of 50%72% of patients [25] . There are six studies which investigated chronic effects of carvedilol [2628] with longest period of followup of 11 wk in one study. In another study by Stanley et al [27] , seven of patients inclusively studied in acute protocol were unable to complete chronic administration of car vedilol as a result of side effects. This study suggests that, atleast for study group the administration of 25 mg without attempts to titrate according to response may not be ideal. Keeping in view the results of the above study, we used a titration or dose optimization based strategy for assessing chronic carvedilol response. It also studies difference of response between early liver disease and advanced liver disease, i.e., between CP class A and B/C on chronic basis. Further this study looks into maximum dose tolerated by different CP class of liver disease on chronic basis apart from looking into predictor of chronic response. Idea of our study was to further move to add an agent to carvedilol non responders which has no effects on MAP or peripheral vascular resistance and which behaves like a true liver selective vasodilator, i.e., simvastatin. Thus, it is the first study which has used a new pharmacological agent simvastatin in carvedilol non responders. Additive effects of simvastatin may markedly increase the number of patients who are protected effectively from portal hypertensive related complication. Such an effect is in agreement with liver perfusion studies in experimental model of cirrhosis which showed statins exert their hepatic vasodilating effect by upregulating endothelial NO production [29, 30] . Our study shows that, chronic carvedilol nonresponders were 62 (60%) which increased to overall response of nearly 80% once simvastatin was added to it. Thus around 42% of carvedilol non responders became responders by adding simvastatin.
In titration protocol on chronic basis, mean dose of carvedilol was 18.7 ± 5.1 mg and 19.7 ± 5.4 mg in responders and nonresponders respectively. It was difficult to further increase the carvedilol dose in non responders because of apprehension of hypotension and bradycardia. On multivariate analysis, absence of adverse events (OR = 11.3, 95%CI: 1.967.8) were the only independent predictors of chronic response (P < 0.05). Explanation for such results is that patients with less adverse events tolerated good dose to get good response. Major adverse events which resulted in drug discontinuation were hypotension in 2 patients and these patients could not be assessed further as shown in study design. Minor adverse events like fatigue, dyspnea, headache, temporary impotency, and dizziness were resolved without drug discontinuation. In addition, 2 patients had increase in ascites which resolved with escalation of diuretics. Further in our study, patients with CP class A cirrhosis has shown better chronic response as compared to CP class B and C but it was not statically significant. Our studies showed that addition of simvastatin to carvedilol non responders can increase overall response to around 80%, which is one of the best possible phar macologically produced chronic response and it opens a new strategy for portal hypertension treatment.
Etiology, CP class, gender, ascites, adverse events, variceal size was not seen statically significant predictors of response for simvastatin protocol. Pre WHPG (baseline WHPG) was seen significantly higher among responders than nonresponders and all hemodynamic parameters significantly decreased from baseline after treatment with simvastatin except FHVP which significantly raised. Similar results were observed after chronic treatment with carvedilol. In our study, HVPG after adding sim vastatin decreased mainly because of increase in FHVP. Previous studies have shown that patients with cirrhosis have blood pooling in splanchnic region that correlates with degree of portal hypertension [20] . This might suggest that decreases in hepatic resistance by simvastatin could reduce splanchnic congestion and improving central blood volume [21] and alternatively simvastatin may have normalized venous compliance and by this mechanism can inverse venacaval and right arterial pressure and thus increase FHVP. It is well known that simvastatin improves hepatic clearance, intrinsic clearance, and hepatic extraction of indocyanine green, parameters that reflect effective liver perfusion. Thus, an increase in intrahepatic bioavailability of NO might result in improvement in amount of blood that has functional contact with hepatocytes that explains the improvement in quantitative tests of liver function after simvastatin. We have not done these tests of liver function in our study as it is already a proven fact [11, 12] . An important concern with the use of statins in pa tients with cirrhosis is potential for inducing liver toxicity. A number of studies have shown the safety of statins in patients with liver disease [3133] . Our study particularly evaluated these issues in cirrhotic patients and our safety evaluation included Bil, ALP, GGT, ALT, AST, CPK and questionnaire for muscle weakness at 15 th and 30 th day of treatment. There was no major safety concern seen in our study. Some minor adverse events which were observed after addition of simvastatin are: (1) muscle weakness with CPK > 5 times in one patient and was withdrawn; (2) prurutis in one patient which settled and treatment continued; (3) diarrhea in one patient, selfsettled and treatment continued; (4) severe dizziness and treatment withdrawn; and (5) hepatic encephalopathy in one patient and withdrawn from the study, not related to simvastatin likely part of disease. However, whether safety profile is maintained after long term administration needs further long term studies especially with larger doses in advanced liver disease. Newer drugs like rovastatin have been shown to be safe in chronic liver disease also.
Overall, 7 patients had adverse events, 4 (57.1%) among responders, and 3 (42.9%) among nonre sponders with no statistical significance. Three patients were withdrawn due to side effects, first one because of increase in CPK > 5 times with muscle weakness, second one developed dizziness and 3 rd patients developed hepatic encephalopathy not related to simvastatin. Liver function test after 30 d and CPK did not change and remained static and no further side effects were observed after 30 d. Thus in conclusion, our study is first study which clearly shows that a sequential treatment strategy is an excellent policy in the pharmacological management of portal hypertension by which around 80% of response can be achieved. Further long term safety profile of statins with large doses particularly in advanced disease needs further studies and safe drugs like provastatin needs to be evaluated in future that can be used for adjuvant treatment along with carvedilol.
COMMENTS
Background
Carvedilol, a potent 3 rd generation non-selective beta blocker (NSBB) has shown to be a promising therapy for reduction of portal hypertension. Although up to 60% of patients respond to carvedilol, options for carvedilol non responders in patients with portal hypertension is limited. Simvastatin improves liver generation of NO and hepatic endothelial dysfunction in patients with cirrhosis without affecting the hemodynamics such as heart rate and blood pressure. Hence, it could be used as an effective adjuvant therapy with carvedilol without causing any major side effects in patients with portal hypertension.
Research frontiers
Current guidelines recommend using NSBB, such as propranolol or nadolol, with or without isosorbide-5-mononitrate to prevent variceal bleeding. Carvedilol, which blocks both α and β receptors, was shown to have better results than NSBBs by further reducing intrahepatic resistance and thus, could be used for propranolol non-responders. However, treatment option for carvedilol non-responders has not been studied yet.
Innovations and breakthroughs
Addition of simvastatin could be an important pharmacological rescue therapy for carvedilol nonresponders. This study showed that addition of simvastatin to carvedilol non responders can increase overall response to around 80%, which is one of the best possible pharmacologically produced chronic response and may open a new strategy for the treatment of portal hypertension.
Applications
Addition of simvastatin to carvedilol non-responders may prove to be an excellent therapy in patients with portal hypertension.
Terminology
NSBB are very useful drugs in preventing first variceal bleeding and re-bleeding in patients with cirrhosis.
